An increase in the proportion of spatially cued trials in the context of the covert orienting paradigm increases the magnitude of the cuing effect. This proportion cued effect is widely interpreted to reflect a form of control. Specifically, it is argued that participants strategically allocate attention as a function of the utility of the spatial cue. Here, an alternative explanation of the proportion cued effect is proposed that does not require control. According to this account, the cue-target event forms a compound cue and the proportion cued manipulation produces a relative disparity in the frequency with which particular compound cues occur. Specifically, when the proportion of spatially cued trials is increased, the frequency of spatially cued cue-target events increases and the frequency of spatially miscued cue-target events decreases, thus increasing the magnitude of the cuing effect. The results of two experiments support this account.
In the covert orienting paradigm, a spatial cue (e.g., an arrow or a peripheral onset) is used to direct the participant's visual attention to a particular location before a target is presented (Posner, Nissen, & Ogden 1978) . When attention is directed to the upcoming target location (a spatially cued trial), responses are faster than when attention is directed to a nontarget location (a spatially miscued trial). Changes in the magnitude of the cuing effect (the difference in response times on spatially cued and miscued trials) resulting from the manipulation of various factors form the empirical foundation on which extant theories of visual attention are largely based (e.g., Posner & Petersen, 1990) . In the present investigation, we take one such empirical phenomenon-the effect of proportion cued on the magnitude of the cuing effect-and propose an alternative to the long-held interpretation of this effect. We also provide experimental evidence consistent with this proposal.
The Proportion Cued Effect
As the proportion of spatially cued trials in a covert orienting experiment increases, the magnitude of the cuing effect also increases (e.g., Eriksen & Yeh, 1985; Johnson & Yantis, 1995; Madden, 1992) . The most widely accepted explanation of this proportion cued effect is that participants are strategically controlling the distribution of visual attention in response to the utility of the spatial cue. According to this account, as the utility of the spatial cue increases (i.e., as the proportion of spatially cued trials increases), participants allocate increasing amounts of attention to the spatially cued location. As a result, responses become faster on spatially cued trials and slower on spatially miscued trials, thereby producing a larger cuing effect.
This control account of the proportion cued effect reflects the received view in the attention literature. Indeed, researchers have gone so far as to use the presence/absence of a proportion cued effect to make inferences about the ability to shift attention in a controlled manner (Danckert, Maruff, Crowe, & Currie, 1998; Enns & Brodeur, 1989; Maruff, Danckert, Pantelis, & Currie, 1998) . For example, Enns and Brodeur took the lack of a proportion cued effect in children 6-8 years old as evidence for a strategic deficit in young children's ability to allocate attention.
The control account of the proportion cued effect is intuitively appealing; however, we demonstrate here that it is not the only plausible explanation. In what follows, we develop an alternative account of the proportion cued effect that does not attribute it to a control mechanism. We then demonstrate the viability of this account in two experiments.
The Compound-Cue Frequency Account of the Proportion Cued Effect
What we call the compound-cue frequency account of the proportion cued effect is based on a well-established empirical observation coupled with a novel application of a theoretical idea developed in the context of research on memory retrieval. The first part is that it is well-known that frequency of occurrence is negatively correlated with response time (e.g., Bertelson & Tisseyre, 1965; Hyman, 1953) . For example, in the context of a discrimination task, when one target occurs more frequently than another, response times to the frequent target are faster than response times to the infrequent target (e.g., La Berge, Legrand, & Hobbie, 1969) . The second part of the compound cue frequency account is that, in the context of the a central fixation was a percent sign or a number sign. Targets were preceded by an abrupt onset spatial cue. Critically, this spatial cue was presented to the left or right of fixation. Thus, the spatial cue provided no information with respect to target location. Cue-target event frequency was manipulated by changing the relative frequency with which the spatial cue appeared in the left or right location. Thus, one cue-target event was more frequent than the other cue-target event. Each target appeared equally often above or below fixation following the left and right spatial cues. Thus, we have a condition in which the frequency of a specific cue-target event is manipulated without also manipulating the utility of the spatial cue.
According to the compound-cue account, responses to frequent cue-target events should be faster than responses to infrequent cue-target events. This neutral-cue frequency effect should occur despite the fact that the spatial cue, overall, provides no information about the task (i.e., it does not predict target identity or location). Because targets appear equally often and are equally likely to follow any cue, if the cue-target event does not act as a compound cue, or the frequency a given cue-target event does not influence retrieval, there should be no difference in response times between frequent and infrequent cue-target events.
Method
Participants. Forty-eight undergraduate students were paid $4 each for their participation.
Design. The experiment consisted of a 2 (frequency: frequent cue-target event vs. infrequent cue-target event) within-subjects design. Cue-target event frequency was manipulated by presenting the spatial cue on one side of the display more often than on the other side of the display. For half of the participants, the spatial cue was presented on the left for 75% of the trials and on the right for 25% of the trials. The other half of the participants received the reverse order of presentation.
Apparatus. E-Prime (Psychology Software Tools, 2002) software controlled timing, presentation of stimuli, and logged responses. Stimuli were presented on a 17-in. monitor.
Stimuli. The stimulus display consisted of a fixation (1) at the center of the screen. A spatial cue appeared 3.6 cm to the left or right of fixation and consisted of a silver rectangle that subtended 1.0 cm horizontally and 1.5 cm vertically. The target was either a percent sign (%) or a number sign (#). Both subtended 0.5 cm horizontally and vertically and appeared 2.5 cm above or below fixation. Fixation and targets were presented in white on a black background.
Procedure. Participants were instructed that on each trial a target would appear above or below fixation and that they were to respond to the identity of the target by pressing its assigned key. The "c" and "m" keys were used as responses. Response-to-target assignments were counterbalanced.
Each trial began with the presentation of the fixation, for a variable amount of time ranging from 500 to 875 msec in 25-msec increments. Variable fixation durations were used to make it more difficult for participants to anticipate spatial cue onset. The spatial cue was then presented for 50 msec, and 100 msec after the offset of the spatial cue the target was presented for 150 msec. The screen remained blank until a response was made. Participants performed 256 experimental trials preceded by 16 practice trials.
Results
Response time (RT) analysis was conducted for trials in which the response was correct. These data were subjected to a recursive outlier-trimming procedure that removed covert orienting paradigm, the cue-target event (i.e., the spatial cue, the target, and the relation between the spatial cue and target) forms a compound cue. According to compound cue theories of memory retrieval, the cue used to access memory consists of a combination of the nominal target and its context (Dosher & Rosedale, 1997; Ratcliff & McKoon, 1988) . For example, in a semantic priming experiment in which a participant is shown the prime word doctor followed by the target word nurse, the compound cue doctoR-nuRse is used to access memory (Ratcliff & McKoon, 1988) . This view can be contrasted with the proposal that only the nominal target serves as the cue for retrieval (e.g., nuRse).
In the context of the covert orienting paradigm, the compound cue would represent some combination of the spatial cue and target. For example, if the participant's task is to discriminate between two targets (e.g., T1 and T2) that are preceded by a spatial cue in one of two locations (e.g., L1 and L2), a compound cue (e.g., T11L1) rather than only a single cue (e.g., T1) would be used to retrieve a response from memory. The idea that a cue-target relation can be used to support response selection in the covert orienting paradigm has been well-documented (e.g., Kingstone, 1992; Kingstone & Klein, 1991) . For example, Kingstone and Klein demonstrated that violating the expectation that a spatial cue and target will appear in the same location can influence the expectation that a particular target will be presented.
If the cue-target event is represented in memory in some form and can be retrieved via probing memory using a representation of the cue-target event (i.e., using the cue-target event as a compound cue for retrieval), the frequency with which a given cue-target event occurs should influence performance (e.g., Logan, 1988) . More frequent cue-target events should be easier to retrieve. In the context of the proportion cued effect, when the proportion of spatially cued trials increases, the frequency of spatially cued cue-target events increases, and, therefore, response times on spatially cued trials should decrease. In a similar vein, when the proportion of spatially cued trials increases, the frequency of spatially miscued cuetarget events decreases and, consequently, response times on spatially miscued trials should increase. The decrease in response times on spatially cued trials and the increase in response times on spatially miscued trials would produce a larger cuing effect. Thus, according to the compound-cue frequency account, the proportion cued effect reflects the well-documented observation that frequent events are responded to more quickly than infrequent events (Bertelson & Tisseyre, 1965; Hyman, 1953) .
Although the effect of frequency of occurrence is well established, the idea that the cue-target event forms a type of compound cue whose frequency affects performance is more controversial. Thus, demonstrating this is critical to the account proposed here. We test this hypothesis in the following experiments.
ExPERiMEnT 1
In Experiment 1, on each trial participants responded whether a single target that appeared either above or below events than following frequent cue-target events. Experiment 2 was conducted to address this possibility.
ExPERiMEnT 2
In Experiment 2, we used a traditional spatial cuing manipulation in conjunction with a manipulation of cuetarget event frequency. Thus, spatial cue condition (i.e., spatially cued vs. spatially miscued) and cue-target event frequency were factorially manipulated. The compoundcue account and the attention capture accounts of the neutral-cue frequency effect make different predictions about performance on spatially cued trials. According to the compound-cue account, frequent cue-target events should be responded to faster than infrequent cue-target events on spatially cued trials. This is because retrieval is facilitated for frequent cue-target events. The attention capture account makes the opposite predictionspecifically, that infrequent cue-target events should be responded to faster than frequent cue-target events on spatially cued trials. This is because, according to the attention capture account, infrequent cue-target events capture attention better than frequent cue-target events, which would produce a benefit on spatially cued trials. On spatially miscued trials, both the compound-cue account and the attention capture account make the same prediction: Responses to frequent cue-target events should be faster than responses to infrequent cue-target events.
Method
Participants. Forty undergraduate students were paid $4 each for their participation.
Design. The experiment consisted of a 2 (frequency: frequent cue-target event vs. infrequent cue-target event) 3 2 (spatial cue condition: spatially cued vs. spatially miscued) within-subjects design. Cue-target event frequency was manipulated by presenting the spatial cue in one location more often than in the other location. For 2.3% of the RT data (Van Selst & Jolicoeur, 1994) . The condition means for Experiment 1 are presented in the left panel of Figure 1 .
A repeated measures ANOVA comparing frequent cue-target events to infrequent cue-target events was conducted for both RTs and percent error. The effect of frequency was significant for RT [F(1,47) 5 18.47, MS e 5 241.89, p , .05]. Responses to frequent cuetarget events (504 msec) were faster than responses to infrequent cue-target events (518 msec). Thirty-five participants demonstrated this effect. There was no effect for errors (F , 1).
Discussion
In Experiment 1, frequent cue-target events were responded to faster than infrequent cue-target events. This neutral-cue frequency effect provides evidence that the cue-target event can be used as a compound cue and that the frequency of that compound cue influences performance. In Experiment 1, despite the fact that the location of the spatial cue is irrelevant to the participant's task, the frequency with which the spatial cue appeared in either the left or the right location influenced performance. This result is difficult to explain if the target acted as the only cue for memory retrieval, but is readily explicable if the cue-target event forms a compound cue. If the cue-target event is used to probe memory, the difference in the frequency with which a specific cue-target event is presented will influence response time. 1 An alternative account of the results from Experiment 1 is that cue-target event frequency affected the spatial cue's ability to capture attention, in such a way that infrequent spatial cues were more likely to draw attention to their location than frequent cues. Given that the spatial cue never appeared in the target location, if the infrequent spatial cue better captured the participant's attention this would lead to slower responses following infrequent cue-target 
Neutral
Cued Miscued 1 (left panel) and 2 (right panel) . Confidence intervals are based on the MS e for the main effect of frequency (Masson & Loftus, 2003) .
the advantage for frequent cue-target events reported here could be explicable in terms of a cue repetition effect. If spatial cue repetitions are responded to faster than spatial cue nonrepetitions, then the neutral-cue frequency effect may simply reflect this uneven distribution. To test this alternative hypothesis, analyses from Experiments 1 and 2 were repeated on a subset of trials in which the spatial cue did not repeat on consecutive trials (whether the target repeated or not was ignored). If a cue-target event frequency effect remains, it is not explicable in terms of the uneven distribution of spatial cue repetitions. Critically, frequent cue-target events were responded to faster than infrequent cue-target events for this subset of trials in both Experiment 1 (508 vs. 518 msec) [t(47) 5 2.42, p , .05] and Experiment 2 (525 vs. 547 msec) [t(39) 5 3.01, p , .05]. Thus, the uneven distribution of spatial cue repetitions across frequent and infrequent cue-target events cannot explain the results of Experiments 1 and 2.
GEnERAL DiSCuSSion
We proposed a compound-cue frequency account of the proportion cued effect in the context of the covert orienting paradigm. Two experiments verified a central prediction of this account-specifically, that the cuetarget event acts as a compound cue and the frequency of occurrence of that compound cue affects performance. This account provides a parsimonious explanation of the proportion cued effect in the context of the covert orienting paradigm. Rather than attribute the proportion cued effect to an unspecified control mechanism, it is grounded in the well-accepted observation that frequent events are responded to faster than infrequent events.
The compound cue frequency account also offers an explanation for at least one aspect of the proportion cued effect that is not easily explicable in terms of control. Specifically, the proportion cued effect occurs independently of whether the participant is aware that the spatial cue is informative (Bartolomeo, Decaix, & Sieroff, 2007) . If the proportion cued effect reflects the strategic control of attention when the cue is spatially predictive, it would seem to require that participants be aware that the cue is spatially predictive (see also Bodner & Masson, 2003) . Recent research has demonstrated this not to be the case in the covert orienting paradigm (Bartolomeo et al., 2007) . Importantly, the compound cue frequency account does not posit an explicit strategy on behalf of the participant.
It is important to note that the compound-cue account and the control account of the proportion cued effect are not mutually exclusive. The results of the present experiments only demonstrate that the compound-cue account is viable; they do not falsify the control account. Indeed, it is possible that only part of the proportion cued effect reflects the action of a compound cue retrieval process. 2 In addition, it is possible that the proportion cued effect in different contexts reflects each mechanism to differing degrees. For example, in the present experiments a short cue-target interval (150 msec) was used. It may be more likely that the spatial cue and the target form a compound cue in this context than in a context where a long cue-target interval (e.g., 800 msec) is used.
half of the participants, the spatial cue was presented at the top for 75% of the trials and at the bottom for 25% of the trials. The other half of the participants received the reverse order of presentation. On spatially cued trials, the spatial cue and the target appeared in the same location. On spatially miscued trials, the spatial cue and the target appeared in opposite locations. Spatially cued and miscued trials occurred equally often.
Stimuli. A spatial cue appeared 3.6 cm above or below fixation and consisted of a silver rectangle that subtended 1.5 cm horizontally and 1.0 cm vertically. All other characteristics of the stimuli, apparatus, and procedure are the same as in Experiment 1.
Results
The trimming procedure resulted in 2.9% of the correct RT data being discarded. The condition means from Experiment 2 are presented in the right panel of Figure 2 .
A 2 (frequency) 3 2 (spatial cue condition) withinsubjects ANOVA was conducted on both RTs and percent error. Both the main effect of frequency [F(1,39) 5 14.69, MS e 5 1,419.36, p , .05] and the main effect of spatial cue condition [F(1,39) 5 37.58, MS e 5 2,490.76, p , .05] were significant. Responses to frequent cue-target events (522 msec) were faster than responses to infrequent cuetarget events (544 msec). Thirty participants demonstrated this cue-target event frequency effect. Responses to spatially cued trials (509 msec) were faster than responses to spatially miscued trials (557 msec). There was no interaction between frequency and spatial cue condition (F , 1). A planned t test on spatially cued trials confirms the prediction made by the compound cue account: Responses to frequent cue-target events (498 msec) were faster than responses to infrequent cue-target events (519 msec) [t(39) 5 2.76, p , .05]. In percent error, there was a main effect of spatial cue condition [F(1,39) 5 35.94, MS e 5 34.63, p , .05] such that percent error was lower on spatially cued trials (5.4%) than on spatially miscued trials (11.0%). There was no main effect of cue-target event frequency and no interaction between spatial cue condition and event frequency (Fs , 1).
Discussion
Experiment 2 sought to discriminate between two alternative accounts of the neutral-cue frequency effect: a compound-cue memory-based account and an attention capture account. The results were clear. On spatially cued trials, responses to frequent cue-target events were faster than responses to infrequent cue-target events. This result is predicted by the memory-based account, whereas the opposite pattern is predicted by the attention capture account. The additivity between spatial cuing with an exogenous cue and cue frequency reported here is also consistent with Klein (1994) , who showed that peripheral cuing is additive with target frequency. Thus, Experiment 2 provides further evidence that the frequency of a given cuetarget event can influence performance.
immediate cue repetition. Increasing the frequency of a given event increases the likelihood that it will be repeated (Kornblum, 1969) . Thus, with frequent cue-target events there are more spatial cue repetitions than with infrequent cue-target events. Repeated events are typically responded to faster than nonrepeated events. Thus,
